MI primer for NuMI users

= Getting beam

* TLG modules

" Timelines

* Beam intensity

= NuMI kickers

= Extraction bumps and last turn positions

= Batch positions and bunch rotation (LLRF settings)
= Beam quality inputs to NuMI BPS

= Caveats



Getting beam

» Make sure that NuMI beam-line gate valves are open

» NuMI extraction timing
« :MINX=1.2394 (delay of $74 with respect to $AS)
» L K6NKD0=20.04932 MI Rev. (fine kicker timing with respect to $74)
* :ACUP23=1.2599 (Abort kicker cleanup)

» Adjust the batch intensity of event $19 on page B4 to the desired
value

» Start a Fast Time Plot showing I: BEAM (beam in MI in units of
1012), I TORO0O03 (toroid in MI abort line), E:TOR101, E:TORTGT

» Load the relevant TLG module

* ask the crew chief to load the appropriate module
* the number of batches is an adjustable parameter inside the TLG
module (the crew chief has full control of this parameter)

» Set the NuMI beam switch to ON to get beam in MI



TLG modules

Studies
Description TCLK events MI | Ramp RF File | TLG
state | File (I12) | (I3) module
NuMI cycle to MI abort $19, $23 8 1 ) 55
NuMI and slip-stacking to
MI abort $14, $19, $23 S 1 2 79
Operational
Description TCLK events MI | Ramp RF File | TLG
state | File (I12) | (I3) module
NuMI eycle only (1-6 $19,$23,$A5 | 21 1 2 73
batches)
Pbar stacking and NuMI $14, $19, $23, 7 i ) 72
$8D, $8E, $AS
Slip-stacking and NuMI $14, $19, $23, 5 | ) 68
$8D, $8E, $AS5




Timeline for NuMI + pbar stacking
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How to change beam intensity/batch

B4 Booster Beam Turns Control +CORPTES+#P2m_Toolse
*¥*S5A4+ X-As0  X=TIME W=I:RFSUM ,I:IBEAMM,I %od41I ,I 541
—-——— Eng-4u I= o I= 0o ., 0 ., 0 =40
s_MI AUTO F= 1.2 F= 4 , B . 1z . 40

<*¥Transition Times:

Eooster Beam Turns Control

CYCLE CLOCE HMotch<OM > BEAM EUMCHES MI

Tv'PE EVEMT Trig <0 > TURMS GAMMA T TO MI Bkt
Tew Fix 13 <OFF > - 7 o+ L{OFF > <Edrd OF
FE Prod 14 <0OFF > - 9 o+ L{OFF> Lodrd 0r
Collidr 15 <OFF > - 1o x4 <OFF> LA S ¢
FE Tune 16 <OFF > - 1 o <OFF > LA K D
Boo Std 17 <OM -4 01 o+ L{OFF > < 0¥ 0F
Studiss <OFF3» —{@ - ¢OFF> { 0oy
MI Stud <OM > - ¥ <OFF> < IO
Mini Bn COM > -¢ 9 o+ <0OFF> c8drg O

FAMP POIMTER SET TO 1

NUMI ¥Kicker Times to Lx
¥Setup +

Please communicate to the Crew Chief that you are
going to change the intensity on $19



http://mi60kicker.fnal.gov/

NuMI kickers
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Extraction bumps and last turn positions

|
= PC:E38 MNuMI Params a
PA:lES MI INJEXT PARAMS E35 EPMS IW MI SET /A ASD Com=U #RToolzs
166 NUMI EXTRACTION BUHMPS SET s 0s0 Com=U #PTonls+ —<FTP>+ #5A+ #-A/0  R=TIME ¥=L:BEAM _TI:PHIS ,I:RPOS ,T:BLMOM
~FTR>+ #5A* %-fi/0 X=TIME  Y=I:BERAM ,T:PHIS ,T:RPO5  T:RFSUM e few =8 oo
COMMAND BL-- Eng-U I=10 I= 1 ,_SD :_4 ] mons h20  trms kick beam loss BPMS horn bﬁds quad :-'acu pmpal mtrs
—¢10»+ = MI AUTO  F= 1.3 F= 2 , 130 4 L4
8g plextr, 120 pbprod 120 slow 150 pdfext. MUMI EXTRT 1B0.pb/ext E:HIB0Z NEpm beam intensity 20,52 sum
E:HP&02 HEpm beam position —.1d1  mm
E:HPEOZ [1] MBpm beam position .41l mm
E:HPEDZ [2] NEpm beam position 089 mm
ErHPEDZ [5] MEpm beam pozition JOEY mm
[6]:3 ErHPEDZ [4] MBpm beam position 089 mm
[6]#.1 02 Scale Factors E:HPEDZ [5] MBpm beam position 089 mm
[£]4.005E35cale Factors E:HPEOZ [E6]  HBpm beam position JED mm
[6]#%.099955cale Factars I:HPa02 MI HORZ POSITION AT Qe02 -26.63 MM I
E:HPAOG HBpm beam position -29.54  mm
[6]:3 E:HPE04 [1] MBpm beam position -29.54 mm
[6]#.1 06 Scale Factors E:HPEOd [2] NEpm beam position -.595  mm
[6]#—.011Efcale Factors EHPEDG [3]  MBpm beam pozition - 595 mm
[6]%.11622Scale Factors E:HPAD4 [4] NEpm beam position .69 mm
E:HP&EOd [E]  NEpm beam pozition —-.B95  mm
E:HPEOd [6]  MBpm beam position -.B93 mm
[6]:3 I:HP&a04 MI HORZ POSITION AT Q&0d -26.46  HM
[6]#.1 08 Scale Factors
[6]% . 0242585cale Factors E:vPBOS NBpm beam position 5711 mm
[6]#.104245zale Factors E:WPEOE [1]  MBpm beam position 5711 mm
E:WPEDS [2]  NBEpm beam pozition VBT mm
E:VPal5 [3] MNBpm beam position VIET O mm
E:WPE0S [d4]  NBpm beam pozition V2ET mm
E:VPE0S [E] MBpm beam position VZET O mm
E:vPalS [6] MNBpm beam position JIET O mm
[&]:3 I:VPEO& MI YERT POSITION AT 0Q&05 -435.01 MM
Eg%:—lﬂgéqgg:iz E:ggg:z E:HPAROA HEpm beam position -1.4858 mm
' E'HPEDE [1]  MEpm beam poszition -1.485 mm
[&]#.084145cale Factors E:HPEOE [2] MBpm beam positicn -.013  mm
E:HP&O&E [3] MNBpm beam position -.013  mm
EHPEDE [4]  NEpm beam pozition —.0153 mm
[6]:5 E:HPAOA EE% HEpm beam position =013 mm
E:HP&O&E [£] MNBpm beam position -.013  mm
[6]%.1 04 Scale Factors T:HP&0G WI HORZ POSITION AT Q606 -28,72 HM

[6]#.002065zale Factors

[£]#.117485cale Factors PC:E36 NuMI Params

E35 BFMS IN MI {CONTX SET /A A Com=U #FToolzs
—<FTP>+ #58+ “-A/0 #=TIME ¥=L:BEAM _TI:PHIS ,I:RPOS ,T:BLMOM
[6]:3 COMMAND BL— Eng-U I= 0 -0 wm - "
[6]#.1 03 Scale Factors . o -¢ 2+ s MI AUTD F= 1.3 F= 2 L1a 4 , 12
[&]#—.00707cale Factors \ S monz h20  trms kick beam losz BPMS horn bnds quad wacu pmpa mtrs
[A]#.099995cale Factors . .
E:HIGNE NEpM beam intensity 40,15 sum
E:HP&0E HEpm beam pozition 19,71 mm
EtHPEOE [1] MBpm beam position 19,71 mm
E:HP&OE [2] MNBpm beam position .3 mnm
E'HPEDE [2] NBEpm beam pozition ] T
E:HPaNE [4] MNBpm beam position 3 mm
E:HP&EOE [E] MEpm beam pozition .5 mnm
E:HPE0E [6] MBpm beam position 3 Tk
I

VHPGEOE MI HORZ POSITION AT Q&0S -13.74 MM



LLRF settings, state 21 (NuMI only)

Wil LLREF
SEGUENCE TAELE

Ia

fmost restrictive)

Movice Mode
YWIEWER

D9—-FEB-05 16:24: 24 #Pgm_Tools+
required data

Sequence Table Yiew -

HrdwrID: [MILLEF] #*Send To Hardware *Refresh ]
MI State: [21 MNumi & batches ] Current state: EE
[ ]

ROW TYPE SIGMAL MESSAGE OATUML OATUMZ OATUMS OATUM

0 |Ewent AnyReset EnergyStepTofFset 52511400

1 [Continue EnergyArmATC -3 3043000

2 |Continue Xfr3gyncBoosterTamMI 122 S0 -33

3 |Continue SetPhisFrontEndAtten |36 22

4 |Ewvent BooPInject LQdat fb0n 0 SGew LPF

B |Continue Xfr3gyncBoosterTamMI 2085 S0 0

& |[Event BooPInject

7 |Continue XfrSyncBoosterTomMI 294 =1=)

g8 |Event BooPInject

2 |Continue XfrSyncBoosterTomMI 30

10 Event BooPInject

11 |Continue XfrSgyncBoosterToMI 456

12 |Ewent BooPInject

13 |Continue XfrSgyncBoosterToMI 5B

14 Ewent BooPInject

15 |Delay 0, de20000124  Energyllrpfb -5 ALl DSFE

16 Delay 1.1499999752 | Energyllrpfb -= ALl DSk

17 |Delay 1.,1599999666 Ldot fbln SGev LFPF
18 Delay 1.1699999571 | E syRampToFset 53103480

19 |Delay 1. 2364836196 5
20 |Event EndCycle
21
22
23
24 . .
25 batch positions
27 bunch rotation
28
29 gl

Ma=ssgsas



LLRF settings, state 7 (pbar stacking + NuMI)

I W1 LLRF Mowice Mode (most restrictive) 09-FEB-0E 16:23:20 #Pgm_Tools#+

SERQUENCE TAELE “IELIER CURYES reguired data
Sequence Table Wiew -
HrdwrID: [MILLRF] #Send To Hardware ¥Refresh ]
MI State: [7 Phar Stacking and MumMi Target ] Current state: 28.
[ ]
RO TYPE SIGMAL MESSAGE OATUML OATUMZ OATUMS OA TUM
O |Ewent AnyReset ErergystepToFset 2511400
1 [Continue HfrSyncBoosterToMI o =1 -33
2 |[Continue SetPhisFrontEndAtten |36 2z
3 [Continue EnerggArmATC =3 I0d3000
4 |[Continue Scope Trigder 1
5 |Event BooPInject Ldotfbln 0 SgGev LPF
& |[Continue XfriyncBoosterToMI 122 =18 0
7 |Ewvent BooPInject
8 [Continue XfriyncBoosterToMI 208 a5 0
2 |Event BooPInject
10 |Continue XfriyncBoosterToMI =294 a5 0
11 |Ewent BooPInject
12 |[Continue XfriyncBoosterToMI 380 == o
13 |Ewent BooPInject
14 |[Continue XfriyncBoosterToMI 466 == o
18 Ewvent BooPInject
16 |Delay 0, 4eZ20000124 |Enerdylrpfhb -5 =20000 .1 ALl DOSE
17 |Delay 1.,1499999762 |Energyllrpfb -2 —2000 1 ALl OSSR
18 |Delay 1.1599999666 |LUdot fbln 0 SGev LPF
19 |(Delay 1.1699999571  EnerggyRampToFset 53103480 =S
20 |Delay 1. 23645861965 |HocpFuwa 5 Enable
21 |Ewvent EndCycle
z2z
23
24
25
Z6
27
25
29 nl
+

Messages



Beam quality inputs to NuMI BPS

A. Godley, S. Mishra “Description of the ACNET devices that control the Main
Injector inputs to the NuMI Beam Permit System”, Beams-doc-1527

* Pbar beam not present in NuMI kicker gap
* batch-by-batch intensity monitor settings on page 165, sub-page NUMI
EXTRT, pages 20-21. The system provides:
* an analog signal [ BNKG, proportional to the amount of beam in the
gap, connected to NuMI BPS module 60S C204, channel 6
« a digital signal (beam present/no present), generated in response to the
timing signal [:BNKGST, connected to NuMI BPS module 60S 200,
channel 5
= MI beam Loss Monitors

« 2 BLMs at Q608 and Q612 (I:LMQ608, I:LMQ612) are used to monitor
beam losses at flattop and abort the beam 1f losses are higher than some
preset value

» controls (reset, hold) and readout signals are available on page E38, sub-
page LOSS, pages 4 (reset and hold) and 7 (readout)

» connected to NuMI BPS module 60A C204, channels 0-1



= MI orbit verifier
* uses :HP606N, I:HP608N, I: VP607N, I:VP609N to determine if beam
position is on the desired orbit before NuMI extraction
» connected to NuMI BPS module 60A C204, channels 54-57
 [:HI606N, I:HI608N, I: VI607N, I:VI609N (proportional to the beam
intensity) have been used in NuMI BPS to set an upper limit on

acceptable pulse intensity
 connected to NuMI BPS module 60A C204, channels 59-62



Caveats

= The present BPM system does not support 6 batches loaded in
MI, at least not for the configuration foreseen for mixed-mode
(pbar stacking + NuMI) running
e to take an orbit in MI, tuning, etc. ..., we need to
temporarily remove one of the NuMI batches
= The pbar batch and the NuMI batches occupy fixed bucket
positions in MI, and 1n principle it 1s possible to control either
portion of the beam with its own “beam switch” (pbar and NuMI
beam switches)
* due to the fact that slip-stacking generates beam outside the
proper pbar batch in the machine, in the mixed mode cycles
NuMI (or pbar) will get beam only when BOTH pbar and
NuMI beam permits are ON.
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